BNIP3 up-regulation and mitochondrial dysfunction in manganese-induced neurotoxicity.
The central nervous system (CNS) appears to be the critical target of manganese (Mn), and neurotoxicity has been the focus of most of the health effects of manganese. In brain, the mechanism underlying the Mn-induced cell death is not clear. We have previously demonstrated that NFkappabeta induction and the activation of nitric oxide synthase through reactive oxygen species (ROS) represent a proximate mechanism for Mn-induced neurotoxicity. In this study, an immortalized dopaminergic cells were used to characterize the cell death signaling cascade activated by manganese. Exposure to Mn resulted in a time and concentration-related loss of cell viability as observed by 3-(4,5-dimethyl-2-thiazolyl)-2,5-diphenyl-2H-tetrazolium bromide (MTT) and live/dead cell assay. Mn increased BNIP3 expression within 3h and continued to increase up to 24h exposure followed by a concentration-related apoptotic death as determined by TUNEL. Further, Mn treatment resulted in accumulation of reactive oxygen species and mitochondrial dysfunction with loss of mitochondrial membrane potential and release of cytochrome c. Antioxidants significantly reduced Mn-induced BNIP3 expression and attenuated cell death, demonstrating the role of oxidative stress in BNIP3 induction. Blocking BNIP3 up-regulation with a transcription or a translational inhibitor reduced the response to manganese. Cell death by manganese was reduced in the presence of CsA (PT pore inhibitor). In addition, knockdown of BNIP3 by small interfering RNA (siRNA) improved mitochondrial recovery and reduced neuronal cell loss suggesting that constitutive expression of BNIP3 plays a role in Mn-induced neurotoxicity by regulating mitochondrial functions. These findings indicate a potential detrimental role of BNIP3 in manganese-induced neuronal cell death.